Abstract. Mineral physics observations suggest that distinct density and rheological differences exist between the crustal component of oceanic lithosphere and the underlying mantle. We have conducted numerical experiments to investigate the influence of both density and viscosity on the effectiveness of recycling of oceanic crust into the lower mantle. Confirming previous results, the density inversion at 670 km depth alone is not sufficient to prevent crustal recycling. However, a soft layer may exist between the strong garnet crust and cold slab interior. Models employing a simplified Newtonian sandwich model show that this thin, weak layer can effectively decouple the crust and slab. Once entrained into the lower mantle, the then lighter crust can rise sufficiently fast as a Rayleigh-Taylor instability to avoid further entrainment. These results suggest that the crustal component of slabs may be trapped at 670 km depth, leading to a garnet enriched transition zone.
Introduction
Recycling of oceanic crust has large consequences on both the chemical evolution of the Earth's upper mantle and transition zone and the dynamical interpretation of geochemical data. Subducted oceanic crust is transformed into a garnet-rich assembly (garnetite) in the depth range of approximately 400 to at least 800 km [Irifune and Ringwood, 1993; O'Neill and Jeanloz, 1994] . Garnetite is denser than peridotite in the transition zone, but is less dense than perovskite in the lower mantle. A proposed recycling mechanism includes the separation of oceanic crust near the 670-km discontinuity, as a consequence of the neutral buoyancy of the crust in the garnet phase at that depth [Ringwood, 1967 [Ringwood, , 1994 Anderson, 1979; Ringwood and Irifune, 1988] .
In addition to density differences, laboratory deformation experiments give evidence for a strong rheology of garnet compared to that of peridotite [Karato, 1989;  Copyright 1996 by the American Geophysical Union.
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0094-8534/96/96GL-01594505.00 Karato el al., 1995; Ingrin and Madon, 1995] . This creates a slab rheology with two distinct strong zones of the garnet crust and cold slab interior, separated by a weak and hot peridotite layer. We have studied the influence of both density and rheology variations on the possible crustal separation in the transition zone, using highresolution 2-D finite element models of thermochemical convection.
Model description
We investigate the possible processes of separation of crustal component from the main component of slabs that are sinking due to the negative buoyancy caused by the higher density of the cool slab interior andto a lesser degree-the higher compositional density of the garnetitic crust. At the bottom of the transition zone only the mantle component of the slab is corn- The evolution is distinctly different if the rheological stratification due to the combined thermal and compositional effect is taken into account. Figure 4 shows the slab at the same times as in Figure 3 , but now with rig --ric, riw --0.01rig. The crust that becomes buoyant in the lower mantle is now less strongly coupled to the underlying sinking slab and the garnet can separate from the colder parts of the slab.
We have conducted a variety of experiments to test the sensitivity of this conclusion to values of the viscosity parameters rio, riw, and rig. 
